Summary: Myelinated and unmyelinated nerve fibers of the human vestibular nerve were analyzed with the use of a new staining method that makes it possible to discriminate various structures of the nervous tissue. An image-analyzing digitizer, a microscope with a drawing tube and a personal computer for storing data and performing statistical analyses were employed in this study. We measured the axonal numbers and transverse areas of myelinated vestibular nerve fibers in 20 cadavers, and of unmyelinated fibers in 14 cadavers. The average number of myelinated axons and unspectively. The transverse areas of myelinated axons decreased with age, although the numbers of their axons did not change. However, in the case of unmyelinated axons, both the transverse areas and the numbers did not change.
Fiber analysis of the vestibular nerve may be important for understanding various conditions related to the aging process and to diseases, although not enough data are available2'46). Particularly, tc our knowledge, there is no reference on the correlation between age and morphometric analysis ol the unmyelinated nerve fibers. The aim of the present study is to analyze myelinated and unmyelinated nerve fibers of the human vestibulai nerve in relation to the aging process.
Material and Methods
Human vestibulocochlear nerve trunks were cui off near the brain stem. Such material was obtained from 20 cadavers (9 males and 11 females) aged 54-95 years (average age: 76.3 years). The causes of death indicated no direct or indirect influence on the nervous system, so the vestibulocochleai nerves were considered to be normal. The preparation of sections was the same as in our previous. reports" 1'1 5'17-19) regarding the fixation, washing. dehydration, embedding, sectioning and staining.
Morphometry
The systemic sampling method was employed for the measurement of axons. Three sampling sites were selected on the transverse sections of the vestibular nerve, as shown in Fig. 1 . The borderline between the cochlear and vestibular nerve fiber bundles was determined according to the criteria of Engstrom and Rexed7). Highly enlarged images (1,600 times with oil immersion) of areas in a square eyepiece grid were selected to measure the myelinated and unmyelinated axons and to count the number of fibers: each area covered was 0.0030 mm2. We employed (a) a microscope (BH2, Olympus, Tokyo, Japan), equipped with a drawing tube (BH2-DA, Olympus, Tokyo, Japan), (b) a digitizer (Crystizer a KC 3300, Graphtec, Yokohama, Japan) and (c) a computer (PC-9801 VX2, NEC, Tokyo, Japan) with an analyzing system software (original programming) for storing data on-line, calculation and statistical analysis. Regression analysis was performed between age and each of the number of fibers, the axonal area and the axonal perimeter.
Results
In the vestibular nerve, we found unmyelinated nerve fibers scattered among the myelinated nerve 95 fibers without forming bundles.
Number of Nerve Fibers
The number of myelinated fibers and unmyelinated fibers in the vestibular nerve ranged from 10,868 to 28,341 (average 20,318) and 1,616 to 4,702 (average 2,782), respectively (Tables 1, 2) . Most of the thick fibers were myelinated (axons shown in dark purple or black color surrounded by a blue-green myelin sheath; see Fig. 2 ), with some thin unmyelinated fibers (dark purple or black axon without myelin sheath; see Fig. 2 ), among them. There were no significant differences in numbers or distribution of fibers among the three sampling sites in each individual. The number of myelinated and unmyelinated nerve fibers in the vestibular nerves did not show a significant decrease with age (r = -0 .281 and -0.380, respectively, Tables 1, 2 ). The average numbers of unmyelinated fibers in male and female were 3387.5 and 1974.5, respectively. There was a significant difference in the number of unmyelinated fibers between both sexes (with t test, p < 0.01), whereas no such difference appeared in the case of myelinated fibers (with t test, p > 0.10).
Size of Nerves and Axons
The transverse area of the vestibular nerve ranged from 0.51 to 1.26 (average 0.88) mm2. The average transverse areas of myelinated and unmyelinated axons ranged from 1.94 to 4.95 (average 3.46) and from 0.41 to 0.54 (average 0.49) [tm2, respectively (Tables 1, 2 ). There were no clear differences in distribution among the three sampling sites in each subject. A scatter diagram with the regression line between the average transverse area of myelinated axons and age is shown in Fig. 3 . It reveals that the average size of myelinated axons in the transverse section is reduced with age (r = -0.687, p < 0.001), while the average size of unmyelinated axons dose not show a significant decrease with age (r = -0.380).
Perimeter of Axons
The average perimeter of myelinated axons and unmyelinated axons ranged from 5.28 to 8.16 (average 6.94) and from 2.37 to 2.78 (average 2.60) pm, respectively (Tables 1, 2 ). The average perimeter of myelinated axons was reduced with age (r = -0.662, p < 0.01). No significant correlation between the axonal perimeter of unmyelinated fibers and age appeared in the regression analysis (r = -0.195). 
Discussion
There are few reports') available on the morphometric analysis of nerve fibers (both myelinated and unmyelinated) in the human vestibular nerve. The reason may be due to a lack of discriminative staining method for nerve fibers, and a lack of modern methods for morphometric analyses. Even the electron microscope has contributed little to the quantitative analysis of nerve fibers except for sural nerve biopsy3'12,13). Our own staining method (LPH staining method) can be ideal for morphometric research on the nervous system because of its clear discrimination of structures and minimal shrinkage (only about 10% in length). Several studies about age-related changes in various nerves have been reported since the LPH staining method was introduced8-11,1 5,17-19).
It had been confirmed by electron microscopy that unmyelinated fibers exist in the vestibular nerve of the cat and rat' a 16). However, few morphometric researches on human unmyelinated fibers have been reported '9' 11). Among them, Arnesen et al.1) reported on the number of myelinated and unmyelinated axons in the human vestibular nerve, together with the description of the position of the vestibulocochlear anastomosis. Therefore, our data are not directly comparable. In Fujii et al.9)the existence of unmyelinated fibers in the vestibulocochlear nerve was reported, although neither their number nor transverse area were analyzed. Kobayashi et al.") found a distribution of unmyelinated fibers in the abducent nerve similar to ours.
The present study did not reveal a significant correlation between age and the number, the transverse area, and the perimeter of unmyelinated fibers in the vestibular nerve. Kobayashi et al.") found a correlation similar to the one in this study regarding the unmyelinated fibers in the abducent nerve, except for their number: they found a marked decrease in numbers with age. The reason for the discrepancy between their data and ours is still unknown. It may be due to a difference in composition: the abducent nerve is composed mainly of motor fibers, whereas the vestibular nerve comprises mainly sensory fibers. However, we found a significant difference between sexes in the number of unmyelinated fibers in the vestibular nerve. The reason for this is still unknown.
There have been several reports'i 14) on the normal number of fibers in the human vestibular nerve. According to these reports, the total number of myelinated fibers in the vestibular nerve ranged from 11,506 to 24,000, and according to the latest report by Fujii et al.9) from 13,996 to 20,760. Our study showed similar results, with a range of 10,868 to 28,341. BergstrOm5) found that there was a general reduction in the number of vestibular nerve fibers with age. However, our data indicated no significant correlation between numbers and age, just as Fujii et al.9) reported. The reason for this difference between Bergstrom and us remains unknown. It may be due to the small number of samples in BergstrOm's report and differences in counting techniques.
The size of vestibular nerve fibers used to be determined from measurements of the internal caliber of the myelin sheath6i7). However, as Fujii et al.9) indicated, there is no guarantee that the internal caliber and shape of the myelin sheath actually represent the diameter and shape of axons. We measured the axonal area itself, and found a consistent reduction with 'age (Fig. 3) . However, Fujii et al.9) had opposite findings: they discovered no reduction of axonal areas with age.
The reason for this (apart from the use of a smaller number of samples), may be found in several studies about age-related changes in various nerves with use of the LPH staining method. Various studies showed that the transverse axonal area decreased with age in the cochleae), deep peroneal 1') and small splanchnic") nerves, while that in the facials), oculomotor" and abducent") nerves did not. Other studies indicated that the number of axons decreased with age in the deep peroneal 19), facials), oculomotor 17) and abducent") nerves, but did not in the vestibulocochlear') and small splanchnici 8) nerves. Several studies, including this report, about age-related changes in various nerves that have adopted the LPH staining method show that the aging process in nerves composed mainly of motor fibers, such as the facial, oculomotor and abducent nerves, differs from that in the nerves such as the vestibulocochlear nerve which are composed mainly of sensory fibers.
The present study on the vestibular nerve has discovered a difference in the number of unmyelinated fibers between men and women. It has also shown that there is a correlation between age and the area and perimeter of myelinated axons. No correlation has been found concerning unmyelinated axons, or between age and the number of axons, whether myelinated or unmyelinated. 
